Mitochondria are present at high concentration at the site of sensory transduction in the peripheral terminals of nociceptors. Because nerve growth factor (NGF), which induces nociceptor sensitization by acting on the high-affinity tropomyosin receptor kinase A (TrkA) receptor, also produces local recruitment of mitochondria in DRG neurons, we evaluated the role of mitochondria in NGF-induced mechanical hyperalgesia. Inhibition of 3 major mitochondrial functions-oxidation of nutrients, adenosine triphosphate (ATP) production, and generation of reactive oxygen species-markedly attenuated NGF-induced mechanical hyperalgesia in the rat. Disruption of microtubules, which are required for the trafficking and subcellular localization of mitochondria, also attenuated NGF-induced hyperalgesia. Our results suggest a contribution of mitochondrial localization and function to NGF-dependent pain syndromes. Ó
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Introduction
Nerve growth factor (NGF), which plays a critical role in the survival, growth, differentiation, and maintenance of sensory neurons, also acts on the peripheral terminals of nociceptors to induce hyperalgesia in animals and human beings [24, 25, 29, 34, 40, 47] . Tissue injury and inflammation, such as that observed in cystitis and arthritis, result in elevated levels of NGF [3, 43] , and antagonizing NGF has been proved effective in the treatment of osteoarthritis pain [23] .
NGF sensitizes the peripheral terminal of the nociceptor by activating the high-affinity receptor, tropomyosin receptor kinase A (TrkA), producing both thermal and mechanical hyperalgesia [8, 24, 28] . The underlying mechanism for NGF-induced thermal hypersensitivity has been attributed to increased membrane insertion of the heat-sensitive ion channel TRPV1 at peripheral terminals of nociceptors [48] . The mechanism by which NGF induces mechanical hyperalgesia, however, is less well understood. Thus, while signaling pathways mediating NGF-induced mechanical hyperalgesia have been identified [28] , the downstream targets and cellular processes that are involved have yet to be fully elucidated.
In addition to its role in nociceptor sensitization, NGF signaling is important for the trafficking and localization of mitochondria in neurons. Focal administration of NGF-coated beads along the growing axon of cultured dorsal root ganglion (DRG) neurons triggers local accumulation of mitochondria, presumably to fulfill higher demands for adenosine triphosphate (ATP) at the growth cone [32, 5, 6] . NGF also upregulates the metabolic activity of mitochondria [46] .
Mitochondria play an important role in several animal models of inflammatory and neuropathic pain [12, 17] . Moreover, the inhibition of 2 key mitochondrial functions, the generation of ATP and reactive oxygen species (ROS), attenuate protein kinase C epsilon (PKCe)-dependent forms of mechanical hyperalgesia [18] . Because NGF can produce mechanical hyperalgesia in vivo and can recruit mitochondria to areas of local stimulation in DRG neurons as well as upregulate their metabolic activity in vitro [5,6,28,46], we hypothesized that mitochondrial functions are important in NGFdependent pain syndromes.
Methods

Animals
Experiments were performed on adult male Sprague Dawley rats (250-350 g; Charles River, Hollister, CA). They were housed 3 animals per cage under a 12-hour light/dark cycle in a temperature and humidity controlled environment at the UCSF animal care facility. Food and water were available ad libitum. Experimental protocols were approved by the University of California, San Francisco (UCSF) Committee on Animal Research and conformed
